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Abstract 

Objective. To evaluate the surface roughness of IPS Empress 2 ceramic when treated with different finishing/polishing 
protocols. Materials and methods. Sixteen specimens of IPS Empress 2 ceramic were made from wax patterns obtained 
using a stainless steel split mold. The specimens were glazed (Stage 0-S0, control) and divided into two groups. The specimens 
in Group 1 (Gl) were finished/polished with a KG Sorensen diamond point (SI), followed by KG Sorensen siliconized points 
(S2) and final polishing with diamond polish paste (S3). In Group 2 (G2), the specimens were finished/polished using a Shofu 
diamond point (SI), as well as Shofu siliconized points (S2) and final polishing was performed using Porcelize paste (S3). After 
glazing (SO) and following each polishing procedure (SI, S2 or S3), the surface roughness was measured using TALYSURF 
Series 2. The average surface roughness results were analyzed using ANOVA followed by Tukey post-hoc tests {a = 0.01) 
Results. All of the polishing procedures yielded higher surface roughness values when compared to the control group (SO). 
S3 yielded lower surface roughness values when compared to SI and S2. Conclusions. The proposed treatments negatively 
affected the surface roughness of the glazed IPS Empress 2 ceramic. 
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Introduction 

With ongoing development in dentistry, growing 
demands are posed daily to dental professionals. In 
order to match the needs of the patients, it is necessary 
to restore the form and function of teeth. The use of 
materials with excellent esthetic qualities is also con- 
sidered to be important. 

The current dental ceramics have desirable char- 
acteristics, such as excellent esthetics, wear resistance, 
surface smoothness, biocompatibility and low thermal 
and electrical conductivity. These properties justify 
the increasing interest in dental ceramics as an option 
for extensive indirect restorations when compared to 
direct composite resins [1]. 



Among the several ceramic systems available, 
pressed ceramics have properties that are very similar 
to dental structures, such as light transmission, color 
reproduction and texture [2] . Although dental cera- 
mics have adequate optical properties, resulting in 
imperceptible restorations, finishing and polishing 
procedures are mandatory for delivering an adequate 
surface texture to allow for adequate light reflection. 
Furthermore, the superficial smoothness is directly 
related to the abrasiveness of the materials [3-5] as 
well as to the mechanical retention of substances 
from the external environment, such as pigments and 
bacterial plaques [6,7]. Nonetheless, there is no 
consensus about the proper choice of material and 
finishing/polishing sequence of pressed ceramics, 
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Table I. Sequence of finishing/polishing and materials used for each experimental group after the measurements were obtained for the glazed 
control groups (SO). 



Stages 


Group 1 


Group 2 


SO 


Glaze 


Glaze 


SI 


Diamond Point 2135 FF (KG Sorensen) 


Diamond Hybrid Point (Shorn) 


S2 


Diamond Point 2135 FF (KG Sorensen) + 
Siliconized Points (KG Sorensen) 


Diamond Hybrid Point (Shorn) 
+ Siliconized Points (Shofu) 


S3 


Diamond Point 2135 FF (KG Sorensen) + 
Siliconized Points (KG Sorensen) + 
Paste Diamond Polish Mint (Ultradent). 


Diamond Hybrid Point (Shofu) + 
Siliconized Points (Shofu) + 
Paste Porcelize (Cosmedent). 



which are broadly used for indirect restorations 
[8-10]. 

Although the dental ceramic is routinely glazed, 
there are clinical situations in which some adjustments 
are necessary to re-establish function and esthetics. In 
these situations, the dental ceramics, rather than be re- 
glazed, receives only polishing. This procedure can 
usually prevent the return of the prosthetic element 
to the laboratory for new glazing procedures, allowing 
the dental professional to cement the prosthesis after 
adjustments and polishing in the same clinical session. 
Furthermore, subjecting the ceramic material to 
another cycle of firing, after removing the natural 
glazing, may cause structural changes in the porcelain, 
making it more susceptible to fractures, while also 
being time-consuming [11]. 

Several authors [8-10,12,13] have compared the 
polishing methods applied on the ceramic surfaces 
with the glazed ceramic surface. Goldstein [9] found 
that Shofu points were the best instruments for the 
final finishing of porcelain. Raimondo et al. [13] 
found that the Shofu diamond points jointly used 
with diamond paste produced better ceramic surface 
polishing, with smoothness similar to that of glazed 
ceramics. Al-Wahadni and Martin [14] recommends 
that any ceramic suffering some kind of adjustment 
should be re-glazing or subject to a final finishing 
and polishing using diamond paste. However, these 
studies have compared polishing methods on various 
types of ceramic, but did not use IPS Empress 
2 ceramic, which justifies the stud of this work. 

The present study aims to assess the surface rough- 
ness of IPS Empress 2 ceramic using different finishing/ 
polishing protocols. The null hypotheses tested were: 
( 1 ) There would be no differences in roughness between 
the glazed surface and the polished one and (2) There 
would be no differences in roughness between the two 
polishing methods tested in this study. 

Materials and methods 

In the present study, pressed IPS Empress 2 ceramic 
(Ivoclar Vivadent, Schaan, Liechtenstein) was evalu- 
ated. This material is composed of lithium disilicate 
and fluorapatite crystal and is indicated for indirect 
esthetic restorations. 



Sixteen wax cylindrical patterns (2.0 mm 
thickness x 6.0 mm diameter) were obtained by using 
a split brass matrix. The wax patterns were included 
in rings with a dental casting investment material for 
ceramics. The rings were then put into an oven 
(EDGCON 3000, EDG Equipaments, Sao Carlos, 
SP, Brazil) to a temperature of 850° C for 4 min to 
eliminate the wax. The rings were then put into the 
Programat EP 500 oven (Ivoclar Vivadent), with 
the tiles and the piston of aluminum oxide. The 
investments were then pressed at a temperature of 
920° C. After cooling, the structure was withdrawn 
from the dental investment, treated with 2% hydro- 
fluoric acid for 10 min and with 50 |im aluminium 
oxide for 5 s. The specimens were then inserted in an 
ultrasonic cleaner (Sultan Pro-sonic 300, Englewood, 
NJ) for 10 min, followed by stratification of the 
ceramic using color A 2 of the Vita scale (Vita 
Zahnfabrik, Bad-Sackingen, Germany). Each speci- 
men was then glazed to achieve a surface smoothness 
used as a control. 

The specimens were divided into two experimental 
groups {n = 8) and mounted on two glass plates (eight 
specimens for each glass plate) using a cyanoacrylate- 
based instant universal adhesive (Super Bonder Gel, 
Loctite Ltd., Sao Paulo, SP, Brazil). The plates were 
inserted into plastic containers and stored at 37 ± 1°C 
for 24 h. The specimens were then subjected to 
the sequences of finishing and polishing, as shown 
in Table I. Table II represents the granulation of the 
materials used in the finishing and polishing proce- 
dures, according to the respective manufacturers. 

• Gl: Each specimen was initially finished with a 
diamond point 2135 FF (KG Sorensen, Barueri, 
SP, Brazil), intermittently in one direction, with 
cooling and high speed (Kavo do Brasil Industria 
e Comercio Ltda, Joinville, SC, Brazil), for 30 s 
(SI). The specimens were then washed with air/ 
water spray to remove the residues, dried with air 
spray and polished with a yellow siliconized point 
(KG Sorensen). Polishing was carried out under 
irrigation in a single direction and at low speed, 
using the handpiece, INTRAmatic 1 8 1 D (Kavo do 
Brasil Industria e Comercio Ltda), for 30 s. The 
specimens were washed again with air/water spray, 
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Table II. Characteristics of the materials, according to the manufacturers. 


Materials 


Classification 


Type of abrasive 


Granulation (|lm) 


.Diamond 1 oint 


TV , ■ , 
Diamond tungsten carbide point 


Agglutinated 


J3U.U 


21 35 FF KG 




Hi ptti r\n H 




Diamond Hybrid Point Shorn 


Diamond tungsten carbide point 


Sinterized 


15.0 






ri i am r^ti H 
UlaillUllLl 




Siliconized Point KG 


Siliconized mounted point 


Impregnated diamond 


7.1 (yellow) 


Siliconized Point Shofu 


Siliconized mounted point 


Impregnated diamond 


j . / ^wnite j 








5.1 (dark grey) 








3.4 (dark) 


Polishing paste Diamond Polish mint 


Polishing abrasive paste 


Microcrystaline diamond 


1.0 


Polishing Paste Porcelize 


Polishing abrasive paste 


particles 


1.0 






Diamond 





dried with air spray and polished with a white 
siliconized point (KG Sorensen) using the same 
methods as for the yellow siliconized point (S2). 
After the initial stages of finishing and polishing, the 
specimens were polished with a Diamond polish 
mint paste (Ultradent, South Jordan, UT) and a 
synthetic disc (Disc Buff, Shofu Inc., Kyoto, Japan). 
A small quantity of polishing paste was used for 
30 s, without irrigation, in a single direction, using 
intermittent movements at a low speed (S3). 
• G2: Each specimen was treated with the same 
procedure used for Gl, but using a hybrid point 
(Shofu Inc.) (SI). The specimens were washed with 
air/water spray, dried with air spray and polished 
with light and dark gray siliconized points (Shofu 
Inc.) (S2). Finally, the specimens were polished 
with Porcelize paste (Cosmedent, Chicago, IL) 
and a synthetic disc (Disco Buff, Shofu Inc.) (S3). 

New diamond points, siliconized points or syn- 
thetic discs were used at each treatment stage (SI, 
S2 or S3) and regardless of the experimental group. 

Profilometry tests 

The surface roughness of the specimens was assessed 
using equipment for surface and texture measurement 
(TALYSURF Series 2, Taylor Hobson Precision, 
Leicester, UK). This equipment has a diamond point 



Table III. Mean values and standard deviations of roughness (Ra) 
and results of the Tukey test for the interaction of polishing stages vs 
materials. 



Stages 


Experimental Groups 


Gl 


G2 


SO (control) 


0.64 (± 0.014) A a 


0.63 (± 0.009) A a 


SI 


1.40 (± 0.011) A d 


1.13 (± 0.005) B d 


S2 


1.03 (± 0.007) A c 


0.95 (± 0.007) B c 


S3 


0.91 (± 0.011) A b 


0.80 (± 0.014) B b 



Identical capital letters in the horizontal direction and superscript 
lower-case letters in the vertical direction indicate similar statistical 
mean values (p > 0.01). 



with a transversal section of 0.002 mm radius, which 
moves at a speed of 0.05 mm/s. The system is con- 
nected to a computerized unit with specific software 
that measures profilometry (ULTRA VERSION 
4.3.14 ). Previous calibration was conducted using 
a standard surface provided with the equipment, for 
individual reading of the specimens, at a distance of 
4.0 mm (variable X) and making adjustments on the 
surface area of the specimens (variable Z). In order to 
measure the surface roughness and for purposes of 
standardization, a cut-off (elimination of scanning 
length) of 0.5 mm was established on each side (right 
and left), obtaining a total distance of 3.0 mm. 

Four measurements were performed for the surface 
topography of the specimens. Two of the measure- 
ments were on the vertical axis and the other two on the 
horizontal axis. The distances between the measure- 
ments (variable Y) was established at 0.5 mm. The X, 
Y and Z variables were plotted in a graphic intersection 
denominated LS, which generated the real unit value 
of the selected values (Ra) in |im (micrometers). 

Assessment of surface roughness 

Each specimen was subjected to foru assessments at 
each of the four different stages of finishing/polishing, 
generating 16 assessments for each specimen. The 
assessments were conducted after stages SO (control), 
SI, S2 and S3 (Table I). Individual results of each 
reading were computed; means were calculated and 
compared using two-sided ANOVA with Tukey post- 
test, at a significance level of 0.01 (1%). 

Results 

The results of the surface roughness for each exper- 
imental group, as well as for each stage, are listed 
in Table III. 

The following differences for the values of rough- 
ness (Ra) were observed for the different stages of 
finishing and polishing, regardless of the experimental 
group: SI > S2 > S3 > SO, p < 0.01 (Table III). 
Therefore, independent of the experimental group, all 
treatments yielded significantly superior values of 
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roughness (p < 0.01), as compared to the values 
observed after glazing (SO). After glazing, the using 
of diamond points followed by polishing with silico- 
nized points and diamond paste (S3) produced 
the smoothest ceramic surface for both Gl and 
G2 (0.91 and 0.80 Ra, respectively). Regardless of 
the experimental group, ceramic surface roughness 
after the lonely use of diamond points (SI) 
was ~ 2-fold greater than those of the glazed speci- 
mens (Gl: 0.64 Ra; G2: 0.63 Ra). Finally, the SI, 
S2 and S3 treatments performed for group G2 yielded 
mean values of roughness significantly inferior 
(p < 0.01) to those yielded in Gl. 

Discussion 

Roughness is an important surface property of res- 
toring materials, influencing the abrasiveness and 
mechanical retention of substances from the external 
environment [1,15]. Surface roughness is not the only 
determinant of material adhesion, but it is also influ- 
enced by other characteristics, such as porosity, 
microstructural residual tension, composition and 
mass defects [1]. Furthermore, it is important to 
emphasize that the surface integrity and quantitative 
superficial smoothness do not necessarily have the 
same significance. The surface of ceramics without 
glazing, but with adequate polishing, may be virtually 
identical to a surface that was glazed in terms of 
smoothness, but completely different in other 
characteristics like wear, resistance to abrasion and 
absorption of pigments [1,15]. 

Poorly polished ceramic restorations are associated 
with several problems, such as: accumulation of bio- 
film, wearing of the opposing teeth, lower flexural 
strength, periodontal inflammation, pigmentation of 
the restoration, changes in the vertical dimension of 
occlusion and esthetic problems [16,17]. According 
to Bollen et al. [18] the average values of surface 
roughness must be lower than 0.2 (im, thus providing 
minimal bacterial retention. However, this recom- 
mendation has not been observed in our study and 
some laboratory studies [19,20]. 

The IPS Empress 2 ceramic has been widely used 
and it is composed of structurally different porcelain, 
with lithium dissilicate and fluorapatite crystal, which 
allows a greater resistance to fracture and low poten- 
tial of wearing out the antagonist tooth in addition 
to the excellent esthetic. To evaluate the roughness of 
this type of glazed ceramic and after the finishing and 
polishing sequence, the analysis was performed using 
a profilometry, because it is a classic method of 
quantitative analysis. 

There are a wide variety of materials for finishing 
and polishing of ceramics. The Shofu points showed 
less roughness, especially when used in conjunction 
with polishing paste. The commercial brand KG 
Sorensen is another system of rubber strips and 



diamond points for finishing and polishing with wide- 
spread use, affordable cost and with good results in 
ceramic materials. These systems were used because 
they are commercially available and well known by 
clinicians. In addition, they have different type of 
abrasive and granulation, as reported in Table II. 

Table III shows significant differences among the 
groups with regards to surface roughness. Regardless 
of the experimental group, surface smoothness after 
glazing (SO) was always superior to that observed after 
the subsequent stages of finishing and polishing. 
Therefore, the null hypotheses tested were rejected 
considering that finishing and polishing treatments 
not recovered the surface roughness to that of glazed 
specimens and there were differences among exper- 
imental groups. These current results are supported 
by previous studies, which used several different 
methods for assessing superficial roughness (e.g. 
scanning electronic microscopy, visual analysis and 
atomic force microscopy) [7,21-24]. Despite the ana- 
lytical methods and the varying materials assessed, 
satisfactory surface smoothness was obtained after 
glazing of ceramic samples. It is important to empha- 
size that the quality of any ceramic depends on its 
composition and proportion, as well as on the control 
of burning procedures, which can change the internal 
characteristics of a ceramic, independently of the 
procedures used for finishing and polishing [5] . 

Glazing is used to seal pores opened on the ceramic 
surface during the sintering process, yielding surfaces 
that are bright, smooth [1,15] and more resistant to 
the propagation of fracture [25] . Many professionals 
prefer to polish the ceramic, instead of glazing it, in 
order to obtain a more natural superficial brightness. 
However, many of the polishing techniques create 
more rounded and smooth contours and this loss 
of definition can cause esthetic and functional pro- 
blems that are not commonly seen after a careful and 
planned glazing [25]. Based on these considerations 
and on the current results, glazing should be 
performed to reduce the superficial roughness and 
prevent the propagation of cracks. 

In this present study, SI yielded higher values of 
Ra, regardless of the experimental group. These 
results confirm the need for additional procedures 
of finishing and polishing after grinding with diamond 
points on the ceramic restorations, as previously 
described in the literature [26-28] . The use of abra- 
sive points on the surface of a glazed ceramic removes 
the glaze layer, exposing bubbles and cracks in the 
ceramic mass and forming grooves and sulci that 
result in a rough and irregular surface [1,2,19,29,30]. 

The use of siliconized points (S2) was insufficient for 
removing the irregularities created with diamond 
points, resulting in higher values of Ra. The application 
of polishing paste in the same procedure for 30 s 
resulted in a considerably reduced surface roughness, 
without yielding the initial Ra parameter obtained with 
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the glazed control (SO). Clinically, this indicates that 
the use of a polishing paste may reduce the superficial 
roughness of restorations. According to a study by 
Kamala and Annapurni [31], polishing IPS Empress 
2 dental ceramic with a diamond paste yielded 
smoother surfaces when compared with the surfaces 
obtained after glazing; these results are not supported 
by the current study. Hulterstrom and Bergaman [30], 
when evaluating eight different types of dental ceramics 
(Vita-Dur; Dicor without glaze; Dicor with glaze; 
Empress; Mirage; Cerec Vitablocks Mark-I; Cerec 
Vitablocks Mark-II; Dicor-MGC Glass-ceramic), 
found a significant improvement when polishing 
with a diamond paste (Shofu Ultra II Porcelain Polis- 
hing Paste and Mirage Diamond Paste). These con- 
troversial results may be explained by the different 
methods [4,6,25] used in those studies, which tend 
to limit direct comparisons among the studies. 

An important determinant of the characteristics of 
the diamond paste is the mean size of the diamond 
particles. This information is not typically provided in 
most studies, thus limiting direct comparisons. Since 
the reduction in the roughness from S2 to S3 was 
similar, regardless of the experimental group, the wear 
that resulted from each type of paste was probably 
similar. It is important to stress that the two polishing 
pastes used in the present study had similar grain 
size (Table II). 

The stages of finishing and polishing in G2 yielded 
roughness values that were significantly lower than 
those obtained after the respective stages in Gl. 
Additionally, the Shofu points for stages SI and 
S2 yielded better results than those obtained when 
using KG Sorensen points. This difference may be 
explained by the different size of the abrasive diamond 
particles in each instrument. The diamond points 
used in the current study are truly made with dia- 
monds. However, the process of preparing the Shofu 
Hybrid Points yielded smaller scratches or damages 
when compared to agglutinated diamond points (KG 
Sorensen). Nonetheless, when the difference between 
the particle size in an abrasive and substrate that is 
being polished is less discrepant, the risk of problems 
in the wearing surface is smaller [2] . 

It is understood that adjustments, corrections and 
finishing of IPS Empress 2 ceramic restorations 
should be conducted before the application of glaze. 
For necessary adjustments of restorations or prosthe- 
ses already cemented, final polishing with synthetic 
discs and diamond paste becomes paramount. 
According to Al-Wahadni [19], regardless of the 
type of ceramic, any adjusted surface should be glazed 
again or subjected to a sequence of finishing followed 
by polishing with a diamond paste. 

Although subsequent additional studies focusing 
on the association of superficial roughness, mechani- 
cal resistance, abrasivity and longevity of the restora- 
tion are necessary, the results obtained in this current 



study serve to support the selection of procedures that 
should be adopted when clinicians face situations 
where removal of glaze from prostheses and ceramic 
restorations is necessary. 

Conclusions 

Under the tested conditions, the following conclu- 
sions can be drawn: 

(1) The lowest values of mean roughness were 
observed immediately after glazing. 

(2) The utilization of diamond points yielded 
higher mean roughness, while diamond paste 
yielded lower mean roughness values. 

(3) After the use of diamond points on the Empress 
2 surface, a mandatory sequence of polishing must 
be performed before cementation. 

(4) Regardless of the polishing stages (SI, S2 and 
S3), the materials used in group G2 yielded mean 
values of roughness that were significantly inferior 
to those yielded in group Gl. 

Acknowledgments 

The authors would like to express their warmest 
gratitude to Maria Salete Machado Candido of the 
Department of Operative Dentistry, Faculty of 
Dentistry, Araraquara, UNESP. 

Declaration of interest: The authors report no 
conflicts of interest. The authors alone are responsible 
for the content and writing of the paper. 

References 

[1] Kelly JR, Nishimura I, Campbell SD. Ceramics in dentistry: 
historical roots and current perspectives. J Prosthet Dent 
1996;75:18-32. 

[2] Albakry M, Guazzato M, Swain MV. Effect of sandblasting, 
grinding, polishing and glazing on the flexural strength of 
twopressable all-ceramic dental materials. JDent2004;32:91-9. 

[3] Al-Wahadni AM, Martin DM. An in vitro investigation into 
the wear of glaze, unglazed and refinished dental porcelain on 
an opposing material. J Oral Rehabil 1999;26:538-43. 

[4] Hacker CH, Wagner WC, Razzoog ME. An in vitro investi- 
gation of the wear of enamel on porcelain and gold in saliva. 
J Prosthet Dent 1996;75:14-17. 

[5] Magne P, Oh WS, Pintado MR, De Long R. Wear of enamel 
and veneering ceramics after laboratory and chairside finishing 
procedures. J Prosthet Dent 1999;82:669-79. 

[6] Kawai K, Urano M, Ebisu S. Effect of surface roughness of 
porcelain on adhesion of bacteria and their synthesizing glu- 
cans. J Prosthet Dent 2000;83:664-7. 

[7] Quirynen M, Bollen CML. The influence of surface rough- 
ness and surface free energy on supra and subgengival plaque 
formation in man. A review of the literature. J Clin Period- 
ontal 1995;22:1-14. 

[8] Haywood VB, Heymann HO, Kusy RP, Whitley JQ, 
Andreaus SB. Polishing porcelain veneers: an SEM and 
specular reflectance analysis. Dent Mater 1988;4:116-21. 

[9] Goldstein RE. Finishing of composites and laminates. Dent 
Clin North Am 1989;33:305-18. 



Finishing and polishing of IPS Empress 443 



[10] Patterson CJ, McLundie AC, Stirrups DR, Taylor WG. 

Refinishing of porcelain by using a refinishing kit. 

J Prosthet Dent 1991;65:383-8. 
[1 1] Jagger DC, Harrison A. An in vitro investigation into the wear 

effects of unglazed, glazed and polished porcelain on human 

enamel. J Prosthet Dent 1994;72:320-3. 
[12] Rosenstiel SF, Baiker MA, Johnston WM. A comparison of 

glazed and polished dental porcelain. Int J Prosfhodont 1989; 

2:524-9. 

[13] Raimondo RL, Richardson JT, Wiedner B. Polished 
versus autoglazed dental porcelain. J Prosthet Dent 1990; 
64:553-7. 

[14] Al-Wahadni A, Martin DM. Glazing and finishing dental por- 
celain: a literature review. J Can Dent Assoc 1998;64:580-3. 

[15] Fuzzi M, Zaccheroni Z, Vallania G. Scaning eletron micros- 
copy and profilometer evaluation of glazed and polished 
dental porcelain. Int J Prosfhodont 1996;9:452-8. 

[16] Derand P, Vereby P. Wear of low-fusing dental porcelains. 
J Prosthet Dent 1999;81:460-3. 

[17] Yilmaz K, Ozkan P. The Methods for the generation of 
smoothness in dental ceramics. Compend Contin Educ 
Dent 2010;31:30-2. 

[18] Bollen CML, Lambrechts P, Quirynen M. Comparison of 
surface roughness of oral hard materials to the threshold 
surface roughness for bacterial plaque retention: a review of 
the literature. Dent Mater 1997;13:258-69. 

[19] Al-Wahadni A. An in vitro investigation into the surface 
roughness of 2 glazed, unglazed, and refinished ceramic 
materials. Quintessence Int 2006;37:311-17. 

[20] Tholt B, Miranda-Junior WG, Prioli R, Thompson J, Oda M. 
Surface roughness in ceramics with different finishing tech- 
niques using atomic force microscope and profilometer. Oper 
Dent 2006;31:442-9. 



[21] Chu FCS, Frankel N, Smales RJ. Surface roughness and 
flexural strength of self-glazed, polished and re-glazed In 
Ceram/Vitadur alpha porcelain laminates. Int J Prosfhodont 
2000;13:66-71. 

[22] Jung M. Finishing and polishing of hybrid composite and 
heat-pressed glass ceramic. Oper Dent 2002;27:175-83. 

[23] Ward MT, Tate WH, Powers JM. Surface roughness of 
opalescent porcelains after polishing. Oper Dent 1995;20: 
106-10. 

[24] Whitehead SA, Shearer AC, Watis DC, Wilson NHF. Com- 
parison of methods for measuring roughness of ceramics. 
J Oral Reahabil 1995;22:421-7. 

[25] de Jager N, Feilzer AJ, Davidson CL. The influence of 
surface roughness on porcelain strentgh. Dent Mater 2000; 
16:381-8. 

[26] Jefferies SR. The art and science of abrasive finishing and 
polishing in restorative dentistry. Dent Clin North Am 1998; 
42:613-27. 

[27] Scurria MS, Powers JM. Surface roughness of two polished 
ceramic materials. J Prosthet Dent 1994;71:174-7. 

[28] Yilmaz K, Ozkan P. Profilometer evaluation of the effect of 
various polishing methods on the surface roughness in dental 
ceramics of different structures subjected to repeated firings. 
Quintessence Int 2010;41:125-31. 

[29] Finger WJ, Noack MD. Post adjustment polishing of CAD- 
CAM ceramic with luminescence diamond gel. Am J Dent 
2000;13:8-12. 

[30] Hulterstrom K, Bergaman M. Polishing systems for dental 
ceramics. Acta Odontol Scand 1993;51:229-34. 

[31] Kamala KR, Annapurni H. Evaluation of surface roughness of 
glazed and polished ceramic surface on exposure to fluoride 
gel, bleaching agent and aerated drink: an in vitro study. 
J Indian Prosfhodont Soc 2006;6:128-32. 



